In this paper, the system of linear and nonlinear differential-algebraic equations of fractional order is solved by the well known He's homotopy perturbation method. The scheme is tested for some examples and the results demonstrate reliability and efficiency of the proposed method.
Introduction
Nowadays there is increasing attention paid to fractional differential equations and their applications in different research areas. It is well known that these equations are concluded from many physical and chemical problems [12] such as the motion of a large thin plate in a Newtonian fluid, the process of cooling a semi infinite body by radiation, the phenomena in electromagnetic acoustic viscoelasticity, electrochemistry and material science and so on. Many physical problems are naturally described by a system of differential-algebraic equations. These type of systems occur in the modeling of electrical networks, flow of incompressible fluids, optimal control, mechanical systems subject to constraints, power systems, chemical process simulation, computer-aided design and in many other applications. Then, many important mathematical models can be expressed in terms of system of differential-algebraic equations of fractional order. In recent years, much research has been focused on the numerical solution of systems of differentialalgebraic equations. Some numerical methods have been developed, such as implicit Runge-Kutta method [1] , Padé approximation method [2, 4, 5, 16] , homotopy perturbation method [14] , Adomain decomposition method [8, 9] and variation iteration method [15] . Consider the following system of differential-algebraic equations of fractional order [18] In this paper, the homotopy perturbation method (HPM) is used to give a semi-analytical solution of the problem (1.1). The HPM, proposed firstly by He [6] , for solving nonlinear functional equations. The HPM is a coupling of the traditional perturbation method and homotopy in topology. This method and its modifications have been efficiently employed to solve a wide range of linear and nonlinear problems in applied sciences.
Preliminaries and notations
In order to proceed, we need the following definitions of fractional derivatives and integrals. We first introduce the Riemann-Liouville and Caputo definition of fractional derivative operator . 
Definition 2.2. The fractional derivative of ( ) in the Caputo sense is defined as
Also, we need here two of its basics properties. If , then
Main section
To illustrate the basic ideas of HPM, we consider the following equation: where is a general differential operator, a boundary operator, ( ) a known analytical function and is the boundary of the domain . The operator can be generally decomposed into two parts and , where is linear, while is nonlinear. Therefore, Equation (3.5) can be written as follows:
We construct a homotopy of (3.5),
where [ ] is an embedding parameter and is an initial approximation which satisfies the boundary condition(s) (3.6). It follows from (3.9) that
Thus, the changing process of from 0 to 1 is just that of ( ) from ( ) to ( ). In Topology, this is called deformation and ( ) ( ) and ( ) ( ) are called homotopic. Here the embedding parameter is introduced much more naturally, unaffected by artificial factors; further it can be considered as a small parameter for . So it is very natural to assume that the solution of (3.8) can be expressed as
By substituting (3.11) into (3.9) and rearranging the resultant in terms of ascending powers of , an infinite number of differential equations, is achieved. This set of almost simple differential equations with proper initial conditions is then solved. Finally an approximate solution of (3.5) is written as:
The convergence of series (3.11) as has been considered by He in his papers [18] and [1] .
Numerical examples
To demonstrate the effectiveness of the method, we consider two the following systems of differentialalgebraic equations of fractional order. The algorithms are performed by Maple 13 with 10 digits precision. 
Solving the above systems, we have
Other components are determined similarly. Here, for a given arbitrary natural number ,
denotes the -term approximation of the exact solutions ( ) and ( 
Suppose the solution of (4.19) has the form,
Substituting (4.21) into (4.20) and collecting terms with the same powers of gives denotes the -term approximation of the exact solutions ( ) and ( ). Numerical results is given in Table  1 when . It should be noted that in order to increase the rate of convergence of the above technique, we can use instead of for computing in second equation of system (4.22). Table 2 shows the numerical results for the new proposed method (NHPM). Table 2 : Numerical values of ( ) and ( ) when and Exact Solution for system (18) 
Conclusion
The fundamental goal of this work has been to construct an approximate solution of linear and nonlinear differential-algebraic equations of fractional order. The goal has been achieved by using the homotopy perturbation method (HPM). The approximate solutions obtained by HPM are compared with exact solution.
